On graph coloring check-digit method by Kulesza, Kamil & Kotulski, Zbigniew
ar
X
iv
:m
at
h.
CO
/0
21
13
17
   
20
 N
ov
 2
00
2
  	
   fffiflffi
 !"#$ %&'()*+ ,-./0123 456789:;
<=>?@ABCD EF GHIJKLMNOPQ RSTUVWXYZ[\]^ _`abcdefg
hijklm nopqrst uv wxyz{|}~



Ł     ¡¢£¤
¥¦§¨©ª«¬­ ®¯° ±²³´
µ¶·¸¹º»¼
½¾ ¿ÀÁÂ Ã ÄÅÆÇÈÉ ÊËÌ ÍÎ ÏÐÑÒÓÔÕ Ö×Ø ÙÚÛÜÝ Þßàá âãä åæçèéê ëìíîïð
ñòó ôõö÷ øùúûüý þß 
    	  fffiflffi  ! "#$%&'(
)*+,- ./01 2345 6789:; <= >?@ABCDE FGH IJK LM NOPQRST UVWX Y Z[\]^_ `a bc
def ghijk lmnopqrs tuvwx yz{ |}~   Ł    ¡
¢£¤¥¦ §¨©ª«¬­®¯°± ²³´µ¶· ¸¹ º»¼½¾¿ÀÁÂ ÃÄ ÅÆÇ ÈÉÊËÌÍÎÏÐÑÒÓ ÔÕÖ×ØÙ ÚÛÜÝÞßàá
âã äåæçè éêëì íîïðñòóôõö÷ øù úûü ýþß
   	  " fffi flffi
 !#$%& '()*+ ,-./01 234 56789:;< =>? @ABCDEF GHIJKLMNOPQ RS TUVWXY Z[\]^_`
abcdefghi jklmn opqrstu vwxyz{| }~ Ł    ¡¢
£¤¥¦§ ¨©ª«¬­®¯°± ²³´µ¶·¸¹º»¼ ½¾¿ÀÁÂÃ
Ä ÅÆÇÈÉÊËÌÍÎÏÐ
ÑÒÓÔÕÖ×ØÙÚÛ ÜÝ Þßàáâã äåæçèéê ëìíîïðñòó ôõö÷øùúû üý þß
  ff  	
 fiflffi !"#$ %&'()*+,-. /012 3456789 :;<=>?@A BCDEFG HIJ KLMN OP QRSTUVWXY
Z[\]^ _`ab cd efghijkl mnopqrst uvwxyz{| }~  Ł    
 ¡ ¢£¤¥¦§ ¨©ª« ¬­®¯°±² ³´µ ¶· ¸¹º»¼½ ¾¿À ÁÂÃÄÅ ÆÇ ÈÉ ÊË ÌÍÎÏÐÑÒÓÔ ÕÖ× ØÙÚÛ
ÜÝÞß àáâ ãäåæ çè éêëì íîï ðñòóôõö÷ø ùúûüýþß ff   
 	 & 
fiflffi  !"#$'% ()*+,-./0 12345678 9:;<=>?@ ABC DEF GHIJKLMNO PQRSTU VWX YZ[\]
^_`a bcdefghijk lm nop qrstuv wxyz{ |}~     Ł   
  ¡¢£¤¥¦§¨ ©ª«¬­® ¯°± ²³´µ¶·¸¹º»¼ ½¾¿ÀÁÂ ÃÄÅ ÆÇÈ ÉÊË ÌÍ ÎÏÐ ÑÒÓÔ ÕÖ× ØÙÚ
ÛÜÝÞßàáâãä
åæ çèéêëìí îïðñòóôõö÷ø ùúûüýþ ß    
 	 ff  fiflffi
 !"#$ %&'()*+,-./ 01 2345678 9:;< =>?@A BCDEFG HIJK LM NOPQRSTUVW XYZ [\]^_`abc
def ghijklm no pqr stuvw xy z{| }~  Ł     ¡¢£
¤¥¦ §¨©ª« ¬­®¯ °±² ³´µ¶·¸ ¹º» ¼½¾¿ÀÁ ÂÃÄÅ ÆÇÈ ÉÊËÌÍ ÎÏÐ ÑÒÓÔÕÖ× ØÙÚ ÛÜÝÞßàá
âã äåæçèéêëìí îïðñ òóôõö ÷øùúûüýþß ff 
   fi	   flffi!
"#$%&'( )*+,- ./012 34567 89 :;<=>? @A BCDEFGH IJKL MNOP QRST UVWXYZ [\
]^_`abcd efg hij kl mnopqrs tuvw x yz{|}~   Ł    
  ¡¢£¤¥¦§¨ ©ª« ¬­®¯° ±²³´µ¶·¸ ¹º»¼½ ¾¿ÀÁÂÃÄÅÆÇÈ ÉÊËÌÍÎÏ ÐÑÒÓÔÕÖ × ØÙÚÛÜÝÞß
àáâãäåæçèéê ëìí îïðñòóôõö÷ø ùú ûüýþß  
"
 	

4 fffi flffi !#$%& '()*+, -./012 3567 89:;<= >?@ABCDEFG HIJKLMN OPQRST UVW
XYZ[\]^ _` abcdefghij klmno pqrs tuvwxyz{|}~  Ł    
   ¡¢£¤¥¦ §¨©ª «¬­®¯°±²³´µ ¶·¸¹º»¼½¾¿À ÁÂ ÃÄÅÆ ÇÈÉÊËÌÍÎ
ÏÐÑ ÒÓÔÕÖ× ØÙ Ú ÛÜÝÞßà áâãäå æ çè é êëì íî ïðñòóôõö ÷øù ú ûü ý þß  
 
 	     fffiflffi !"6 #
$
%&'()*+ ,-. /01234 57 89: ;<=>?@ A
B
C DE F
G
HI J KLMNOPQR STUVW XY Z [\]^_`abc defg hi jklmnopqr stuvwx yz{ |}~  
 Ł    ¡¢£¤ ¥ ¦§¨© ª «¬­®¯°±² ³´ µ¶·¸¹º»¼½ ¾¿ ÀÁÂ
ÃÄÅÆÇÈ ÉÊËÌÍÎÏÐÑ ÒÓÔÕÖ× Ø Ù ÚÛ
ÜÝ
Þ ß àá â ã äå æç èéêëìí îïð ñòóôõö÷ø ùú û üýþß	
      


   



  &fffiflffi ! "
#
$ %
'
()* +,-./0123 45 67 89:;<
=>? @
AB
C DE FGHIJKLMNO
P QRS T U VW X
YZ
[ \] ^_`ab c d e
f
gh ijk lmnopq rs tuvwx yz{|}~  


 

Ł        ¡¢ £¤¥¦§¨ ©ª«¬ ­®¯ °± ²³´µ ¶· ¸¹º»¼
½¾¿ÀÁÂÃÄ ÅÆ Ç ÈÉÊ ËÌÍÎÏ ÐÑÒÓÔÕ Ö ×Ø ÙÚÛ ÜÝÞß àá âãä åæçèé êëìíîïðñò
óô õö÷ øùúû üýþß  
    	 fffiflffi  ! "# $%& '() *+,-./0
12 345 6789 :;<=>?@A BC D EFG HIJKL
M NO P QRSTUVWXY Z[\]^_` abcde fghijk lmn opq rstuvwx yz {|} ~ 
Ł       ¡¢£ ¤¥¦§¨©ª«¬ ­®¯ °±² ³´µ¶·¸¹º »¼½¾¿ ÀÁÂ
ÃÄÅÆ ÇÈÉÊ ËÌ ÍÎÏ ÐÑÒÓÔÕ Ö×ØÙÚ ÛÜÝ Þßàá âã äåæ çè éêëìíîï ðñ òóô õö÷øùúûü
ý
þß


 




	






ff
fi
flffi
 !"
#$
% &'()* +,- ./01 234567 89:; <=
>?
@
AB
C
DE
F
GH
I
JK
L
MN
OPQR
STUVWX
Y Z[\]^_`abcd ef ghi jkl mnopqrs tuvwx yz{| }~
Ł    


 ¡
¢£¤¥
¦§
¨ ©ª «¬­ ®¯°± ²³´µ¶·¸¹ º»¼½¾¿À
ÁÂÃÄÅÆ ÇÈÉ ÊËÌÍÎÏ ÐÑ Ò ÓÔÕÖ× ØÙÚ ÛÜ ÝÞßà áâ ãäåæçèéêëì íîïðñò óôõö ÷øùúûü
ýþß %   - 	
   fffiflffi ! "#$ &'() *+, ./ 012345678
9:;<=> ?@ ABC DEFGHI J KL MNOPQR STUVWX YZ[\ ]^_ `abcd efghijk lmnopqrs tu vwx
yz{|}~  
 

Ł     ¡¢ £¤¥ ¦§ ¨©ª«¬­ ®¯°±²³ ´µ¶
·¸¹º»¼½ ¾¿ÀÁÂÃÄÅ ÆÇ ÈÉÊËÌÍÎ ÏÐÑÒÓÔÕÖ× ØÙ ÚÛÜ ÝÞßàáâã äå
æçèéêëì íîïðñ òóôõö÷ø ùúûüýþß
    	   fffi flffi !"
#$% &'()*+, -./ 01:2345 67 89;<=>?@ABC DEF GHIJKLMNO PQRST UVW XYZ[\]^_
`abcdefg hijk lmnopq rstu vwxyz{ |} ~  Ł     ¡
¢£¤¥¦§ ¨© ª«¬ ­®¯°±²³´µ ¶·¸ ¹º»¼½¾¿ÀÁÂ ÃÄÅÆÇÈ ÉÊ ËÌÍÎ ÏÐÑÒ ÓÔÕÖ× ØÙÚÛÜ ÝÞ ßàáâãä
åæ çèéêëìíîï ðñòóôõö÷øùú û üýþßff fiffi 7  )	
  fl !"#$%
&' (*+,- ./0123
45 689:;<=>?@A BCDEFGHI JKLMNO PQRSTUVWXYZ[\ ]^_`abcd efghijklmno pqrs tuvw
xyz{|}~  Ł     ¡¢£ ¤¥¦§¨ ©ª«¬ ­®¯° ± ² ³´µ¶
·¸¹ º»¼½¾¿ÀÁ ÂÃÄÅÆÇÈ ÉÊËÌÍÎÏ ÐÑÒ Ó Ô Õ Ö ×ØÙ ÚÛÜÝÞßà áâãäåæçèé êëìíî ïð ñòóôõö
÷øùúû üýþß   ff &
 	 !/#( 0  fiflffi " $% ')*+ ,-.1 23456789:
;<=>? @ABCDEFGHI JKL MNOP QR STU VWXYZ[\]^_`ab cdef
gh ijklmnopqrstu vwxyz{|} ~  Ł      
  ¡¢£¤¥¦§ ¨©ª«¬­® ¯°± ²³´µ¶·¸¹ º»¼½¾¿ÀÁÂÃ ÄÅÆ ÇÈÉ ÊËÌÍÎÏ ÐÑÒÓ ÔÕÖ ×ØÙÚÛÜÝÞ
ßà áâãäåæçèéê ëìíî ïðñòóô õö÷ øùúûü ýþ ß    =	
    fffiflffi !
"#$%&'()* +,-./ 01 234 56789 :;< >?@ABCDEFG
H
IJKLMNOP QRSTU VWXYZ [ \] ^
_
`abcdefghijk lmn o pqr s tu
vwxyz{ |}~   Ł    

 ¡¢£¤¥ ¦§¨ ©ª«¬ ­
®¯
°±² ³´µ¶·¸¹ º»¼½¾¿À ÁÂÃÄÅÆÇ ÈÉ ÊËÌ ÍÎÏÐÑ Ò ÓÔ ÕÖ× ØÙ ÚÛÜ ÝÞßàáâã äå æ
çèéêëìíî ïðñòóô õö÷ø ùúûü ý þß 
     ff	    fiflffi !"
#$
0% &'()*+, -./123456789:;< =>? @ABCDEFGHIJK LMN OPQRS
TU VWXYZ[ \]^_`abc de fgh ijklm nop qr stuvwxy z{|} ~  Ł 
   
 ¡ ¢£¤¥¦§¨© ª«¬­®¯° ± ²³´µ¶ ·¸ ¹º»¼½¾¿À ÁÂÃÄÅÆÇ ÈÉÊ ËÌ ÍÎÏÐ ÑÒ ÓÔÕÖ×Ø ÙÚÛÜÝ
Þßà áâãä
å æçèéê ëìíîï ðñ òóôõö÷ øù úûüýþß 
 ff
    
5'	    fifl ffi  !" #$%&() *+ ,-. /0123467 89:;<= >?@ABC DE F GHIJKLMNO
PQR STU VWXYZ[\]^ _`ab
c def gh i j
kl mnop qrst
u
v wxy
z{ |}~   Ł      ¡¢£¤ ¥¦§¨©ª«¬­ ®¯°± ²³´µ ¶·¸¹º
»¼½ ¾¿ÀÁÂÃÄÅÆÇÈ ÉÊ ËÌÍ ÎÏÐÑÒÓÔÕ Ö×ØÙ ÚÛ ÜÝÞ ßà á âãäåæçèé êëìíî ïð ñòóôõö÷ øùúûüýþß
   
  	 (
% fffiflffi  !"#$&' )*+,-./012 34 5678 9:;<=>? @A BCDEFG HIJKL MNOPQRSTUV
WX Y Z [\]^ _`a bcd efghijk lmnopqrs tu vwx yz{|} ~    Ł 


    ¡ ¢£¤¥¦§¨© ª«¬­®¯° ±² ³´µ ¶·¸¹º »¼ ½ ¾ ¿ ÀÁÂ ÃÄÅÆÇÈÉÊ ËÌÍ
ÎÏÐÑÒÓÔÕÖ×Ø ÙÚÛÜ Ý Þßàáâ ãäåæ çèéê ëìí îïðñòóôõ ö÷øù úûü ýþß      	



  ff fifl ffi !"#$% &'()*+, -. /01 23456 78 9 : ; <=> ?@
A
B C D
E
F
G HI J KLMNOPQRSTU VWXYZ[\]^_`abc defghijkl mn op q rstu v wxyz{|} ~ 


 

 Ł 

  

 





    ¡¢£ ¤
¥
¦ § ¨©ª «¬­ ® ¯ °± ²³ ´µ¶· ¸¹
º »¼½ ¾ ¿ÀÁÂÃ ÄÅ ÆÇÈ ÉÊËÌÍÎ ÏÐ ÑÒÓÔÕÖ ×ØÙÚÛÜ ÝÞ ß àáâãäåæç èéê ëìíîïðñòóô õö÷ø
ùúûüýþ ß &    	 
 (
   ff fifl ffi  !
"
#$ %') * +,- ./0 12345 678
9
:;<=>?@ ABC DEFGHIJ KLMNO
PQ R STU V WXYZ[ \]^_ `a bcd efghijkl mnopqrstuv w xyz {|}~    
Ł       ¡ ¢ £¤¥¦
§¨© ª« ¬ ­ ® ¯ ° ±²³´µ ¶ · ¸¹ º»¼½
¾ ¿ÀÁ ÂÃ Ä Å
Æ
Ç ÈÉÊ Ë Ì ÍÎ Ï ÐÑÒ
ÓÔÕÖ×ØÙ ÚÛ ÜÝÞ ßàáâãä
åæçèéê ëìíîïðñ òóôõ
ö ÷øù ú û üý þß  


 

	








fffiflffi

 !
"
#$%&'(
)
*
+,-
. /01
2
3456 789:;< => ?@ABC DEF GHIJKLM NOPQ RS TUV
W
XYZ[\ ] ^_`abcdefgh
ijklm nop qrs tuvwx yz {| }~
Ł          ¡¢£ ¤¥¦ §¨©ª«¬­®¯ ° ±²³´ µ
¶
· ¸¹º »¼½¾¿ÀÁÂÃ
ÄÅÆÇ ÈÉÊË ÌÍÎ ÏÐÑÒÓÔ Õ Ö×Ø ÙÚ Û Ü ÝÞß à á âã äå æ çè éê ë
ì
í îïð
ñòóô õö ÷ø ù ú ûü ýþß   	 


     fffifl ffi !"# $%&'()*+ ,
-./012 345 6789:;<= >? @AB CDEFGHI JKLMNOPQ
RSTUVWXYZ [\]^_`abcdefg hijkl mnop qrs
t
uv wxy z{| }~ 

   Ł  
  


  ¡¢£ ¤¥¦ § ¨ © ª«¬
­
®¯ °±² ³ ´ µ¶· ¸¹
º»¼ ½¾¿ ÀÁ ÂÃÄÅ ÆÇ È É ÊË ÌÍÎÏÐÑÒÓÔ ÕÖ×ØÙÚ ÛÜÝÞß àáâãä åæçè éêëìíî ïðñòóôõö÷ø
ùúû üýþ ß  A 	
  
  

    ff
fi
flffi !"#$
%& <'()*+,-. /01234567 89 :; =>? @BCDE FG H IJKLM NO PQRSTUV WXYZ[\] ^_`
abcdefghi jklmnop q rst uv wxy z {|} ~     Ł    
¡¢£¤¥¦ § ¨©ª« ¬­®¯ °
±
² ³´ µ ¶ · ¸¹
º» ¼½¾¿ÀÁÂÃÄ ÅÆÇÈ ÉÊ ËÌÍÎÏ ÐÑÒ ÓÔÕÖ×Ø ÙÚÛ ÜÝÞßàá âã äåæ çèéêëì íîïð ñòó ôõ
ö÷øùúûüý þß    	
 % ff fiflffi !"#$& '( )*+,-. /
0
1234 5678
9 :;
<
= > ?@ ABCD EFGHIJKLMNO PQR ST UVWX YZ [\]^_`abc def ghijkl mn opq rstuvw
xyz{ |}~  Ł     
 ¡ ¢£¤¥¦§¨ ©ª« ¬­® ¯°±²³´µ ¶·¸ ¹º»¼½¾¿ÀÁÂÃ ÄÅÆÇÈÉ ÊËÌÍÎÏÐÑ ÒÓÔÕÖ ×ØÙÚ
ÛÜÝ Þßàáâãäå
æ çèéêëìíîïðñ òóôõö÷ øùúûü ýþ ß   ff 
	

% fi flffi!"#$&'() *+,-./012345 67 89 :;<=>?@ ABCD EFGHI JK LM NOPQRST UVWX
YZ[\]^ _`a bcdefg hijkl m nopqrst uvwxyz{|}~     Ł  
   ¡¢£¤¥¦§¨ ©ª«¬ ­® ¯°±²³´µ¶· ¸¹ º»¼ ½¾¿ ÀÁ ÂÃÄÅ ÆÇÈÉÊËÌÍ
ÎÏÐ ÑÒ ÓÔÕÖ×ØÙÚÛ ÜÝÞ ßàáâãäåæç
è éêëìíîï ðñòóôõ ö÷øù úû üýþßB  

	
 ff   fiflffi !"#$%&'(
)*+, -. /0
1
2 3456789 :;<=>? @ACDEFGHI JKLM NOPQRSTUVW XY Z[ \
]
^_`a bcd
efghi jklm
nop qrs t uvw xy
z
{ |}~  Ł     ¡ ¢ £¤
¥
¦ § ¨©ª
«¬­®¯°±²³´
µ¶·¸¹º»¼½ ¾¿ÀÁÂÃÄ ÅÆÇÈÉÊË Ì Í Î
Ï
Ð Ñ
ÒÓÔÕÖ×ØÙ
ÚÛÜÝÞßàáâ ãäåæçè é êë ìíîïð ñòóôõ
ö÷øùúû üýþ ß  
  	 ff 
/fi 2flffi B!"#$ %&' ()* +,-.0
D1345678 9:;< =>? @ACEFG H IJKLMN OPQRSTUVWXYZ[ \]^_` abcdef
g
hijklmno
pq rs tuvwxyz {|}~  

   Ł


  ¡¢ £
¤
¥¦§ ¨©ª«¬­® ¯° ±² ³´µ¶· ¸ ¹º
»
¼
½¾¿À ÁÂÃ ÄÅ
Æ
Ç ÈÉÊËÌ ÍÎÏÐÑÒÓÔÕÖ ×ØÙ Ú ÛÜ
Ý
Þß
àáâãäåæç èéêëìíîï ðñòóôõö÷øùúûüýþß G 	  ff
/ 0 


   fiflffi !F
<"#$%&' ()*+,-.12 3456789:;=>?@ABCD EH I JKLMNOPQ RSTUVWXYZ[\ ]^_ `
a
b c
def gh ijklmnopqr
stuvwxyz { |}~
 Ł    ¡ ¢£¤¥¦§¨©ª «¬ ­®¯ °±²³´µ¶ ·¸ ¹º»¼½¾¿À ÁÂÃÄÅÆ
ÇÈÉÊËÌÍÎ ÏÐÑÒÓÔ ÕÖ×ØÙÚÛÜÝÞßà áâ ãäåæçèé êëì íîïðñò óôõö÷øùúûüýþ ß  
 ff	 

" *fi flffi  ! #$%&'()+ ,-. /0 1234 56 789:;< =>?@AB CD E F
GHI JKLMNO P
Q
RSTUVWX YZ[\] ^_` abc def gh i jklmnopqr stuvwx yz{|}~ Ł  
   ¡¢£¤¥¦§¨ ©ª«¬­®¯ °±²³ ´µ¶ ·¸¹º »¼ ½¾¿ ÀÁÂÃÄÅ ÆÇ ÈÉ ÊËÌÍÎÏÐÑ
ÒÓ ÔÕÖ×ØÙÚÛ ÜÝÞßàá âã äåæçèéêëì íîïðñòóô õö÷ øùúûüýþß   ff 
	
   fiflffi ! "# $%&'() *+,-./012 3456 78 9:;<= >?H@ABCDE FGIJKLM NOPQR
STUVWXYZ [\]^_ `abcd efghi jklmno pqr stu vwxyz{| }~ Ł  
  ¡¢£¤¥ ¦§¨©ª «¬ ­®¯°± ²³´µ¶ ·¸¹º»¼ ½¾¿ÀÁ ÂÃÄÅÆÇ ÈÉÊËÌÍÎÏÐÑÒÓÔÕÖ ×ØÙÚÛ ÜÝÞ
ßàáâã äå æçè éêëìíîïð ñòóôõö÷ øùúûüýþß    	
 fffiflffi !" #$%&
'() *+,-./ 01 23456789:;< =>?@ABCDEFGH
IJ KLMNOPQR STUVWX YZ[ \]^_`a bcd e
f
g hijk lmno pqr stu vw xyz{|}~ 
 

Ł     ¡ ¢ £¤¥¦ §¨©ª«¬ ­®¯° ±²³´µ¶ ·¸ ¹º» ¼½¾¿À ÁÂÃÄÅÆ
ÇÈÉÊ ËÌÍÎÏÐÑÒÓÔÕÖ×Ø ÙÚ ÛÜÝÞßà áâã äåæçèé êë ìíî ïðñòóôõ ö÷ø ùúûüýþ ß  
 
  	 ,fffi flffi !"# $% & '()* +-./01 2
3
456 789:;<=>?@ AB CDE
FGHIJ KLMN OPQ RST UV WXY Z[\]^_ `a bc d efghijkl mnop qrstu vwxy z{ |}~  
Ł     ¡¢£¤¥¦ §¨© ª«¬­®¯°±²³ ´µ¶·¸ ¹º» ¼ ½¾¿ ÀÁ Â Ã
ÄÅ ÆÇÈÉ ÊËÌÍ
Î
ÏÐÑÒÓÔÕÖ ×ØÙÚÛÜ ÝÞß
à
á âãä åæç èéêëìíîïðñò óôõö÷ø ù
ú
û üýþ ß    
	
   

ff fiflffi !"#$%& '()*+,- ./012345678 9:;<=>? @ABCD EFG HIJKLMNOPQR
S
T
UVWX YZ[ \]^ _` abcd efghij klmnopqr stu vwx
y
z{ |}~  Ł   





    
  ¡ ¢£
¤ ¥¦§
¨©ª «¬­®¯° ±² ³´µ¶·¸¹º»¼½ ¾¿ÀÁÂÃ ÄÅ ÆÇ È É ÊËÌ ÍÎÏÐÑÒÓÔ ÕÖ×ØÙÚÛÜÝ Þßàá âãäåæçè
éê ë ìíîïðñòóôõ ö÷øù úûü ýþ ß   fi

 


0 	
 ffflffi ! "#$%& '( ) *+ ,-./12 34 56789:; <=> ?
@
A BCDE FGHIJKLMNO
PQR S TU V
W
XYZ[ \]^_ ` ab cd
e
fg h ij kl mno pqrstu v w x
y
z {
|}
~
  

 Ł    ¡¢ £¤¥ ¦ §¨© ª « ¬­ ®¯°±²³´ µ¶· ¸¹ º»¼½ ¾¿
ÀÁÂÃÄÅ ÆÇÈÉÊË ÌÍÎÏÐÑÒÓÔ ÕÖ× Ø ÙÚÛÜÝÞ
ßàáâ ãäåæç èé êëìíîï ðñòóôõö÷ øùúûüýþß     	
  fffiflffi
 !"#$ %& ' ()*+ ,-./ 0 1 23 456789 :; <=>?@ABCDE FGH IJKLM NO PQRS TUV WX
Y
Z[\] ^_` ab
c
d ef ghi jklm nopqr stuvw xy z{|}~   Ł   ¡¢
£¤ ¥¦§ ¨©ª «¬­® ¯° ±²³ ´µ¶·¸¹ º»¼½¾¿ÀÁÂ ÃÄÅ ÆÇÈ ÉÊËÌ ÍÎ ÏÐÑÒÓÔÕÖ×Ø ÙÚ ÛÜÝÞßà áâãä åæçèé êëìíîï
ðñòó ôõö÷ øùú ûüý þßfi  	 
  ffflffi !"# $%& '() *+, -. /0123456789
:;<=>?@ABC DEF GHIJKLMN OPQRSTU VWXYZ[\] ^_ `abcdefg hijklm no pqr stuvw xyz{|} ~  Ł
     ¡¢ £¤¥¦§ ¨© ª«¬­ ®¯°±²³
´
µ¶·¸¹º»¼ ½¾ ¿ ÀÁÂÃÄÅ ÆÇÈÉÊËÌÍÎÏ ÐÑÒÓÔ ÕÖ× ØÙÚÛÜÝÞß àáâãäåæçèé êëìí îïð ñò
óôõö ÷øù úûüý þß ,  ff  	 
  fiflffi !"#$%& '() *+- ./012345
C6789:;<= >? @ABDEFGHI JK LMNOPQ RS TUV WXYZ[\ ]^_`abcdef g hijkl mnopq
rstu vwxy z{|}~  Ł      ¡ ¢£¤¥ ¦§¨©ª«¬­® ¯°±²³´
µ¶·¸¹º» ¼½¾¿ÀÁÂ ÃÄÅÆÇ ÈÉÊËÌÍÎ ÏÐÑÒÓÔÕÖ×Ø ÙÚ ÛÜÝÞß à áâãäåæçè éêëìí îï ðñò
óôõö÷ øù úûüýþß
     	  

 4fffiflffi !" #$%&'()* +,-
./01235 6789:; <=>?@ABCD EFGH IJKLMNOP QRSTUV WX YZ[\]^_` ab c
d
ef gh i j kl
m no
p
q r st u vwxyz {| }~  Ł     ¡ ¢£ ¤
¥
¦§¨©
ª« ¬­ ®¯°±²³´µ¶·¸¹ º»¼½¾¿ÀÁÂ ÃÄÅÆ ÇÈ É
Ê
ËÌÍÎÏ ÐÑ ÒÓÔÕÖ×ØÙÚ ÛÜÝÞß à
á
âãäåæçèéêë
ìíî ïðñòóôõ ö÷øùúûüý þß     ff	
 fifl(ffi ) !"#$%& '*+,-
./ 0123456 789 :;< =>?@ABCD E
F
G
HI JKL MN OPQ RSTU VW XYZ[\]^ _`abcde fg hijklm nopqrst uvwxy z{|}~ 
Ł       ¡¢£¤¥¦ §¨ ©ª «¬­®¯°±² ³´ µ¶·¸¹º» ¼½¾¿À ÁÂÃÄÅÆÇÈ
ÉÊ ËÌÍÎÏÐÑ ÒÓÔÕÖ ×ØÙÚÛ ÜÝÞ ßàáâãäå æçè éêëìíî ïðñò óôõö÷øùú ûü ýþß  
+ 	
 ff fiflffi  !" #$ %& '()*,-. /01234 56 789:;< =>?@ ABCDEFG HIJKLMNO
PQRS TUVWXYZ [\] ^_ `abcd efghijklm nopqrst uvwxyz{|}~ Ł 
    ¡¢£ ¤¥ ¦§¨© ª« ¬­ ®¯°±² ³´µ¶·¸¹ º» ¼½¾¿ÀÁÂ ÃÄÅ ÆÇÈÉÊËÌ
ÍÎÏÐÑ ÒÓÔÕÖ×ØÙÚ ÛÜÝÞßàáâãäå æçèéêëìí îïð ñò óôõö÷øùú ûüýþ ß7ff   	

   fiflffi !"# $%&'( )* +, -./01234 56 89:;<=> ?@ABCDEF GHIJK LMNO PQ
RS TUVWXYZ[\]^_ `abcdef ghijkl mnopqrst uv wxyz{|}~ Ł 
  ¡¢£ ¤¥¦§¨©ª«¬ ­®¯ ° ±² ³´µ ¶·¸¹º»¼½¾¿ÀÁ ÂÃÄÅ ÆÇÈÉÊË ÌÍ ÎÏÐÑÒÓ ÔÕÖ
×ØÙÚÛÜÝÞßà áâãäåæçèéêëìíîïð
ñ òóôõö÷øùúû üýþßffi    	

" 0  fffifl  !#$%&'()*+ ,-./1234567 89:;<= >?@ ABC DEF GHIJKLM NO PQRS
TUV WXYZ[ \]^_ `abcdefgh ijk lmnopq rstu vwx yz{|}~ Ł  
  ¡¢£¤¥¦ §¨©ª«¬ ­®¯°± ²³´µ¶·¸¹º »¼½ ¾¿ÀÁÂÃÄÅÆÇ ÈÉ ÊËÌ ÍÎÏÐÑÒ ÓÔÕÖ
×ØÙ ÚÛÜÝÞßàáâãäå æçèéêëìí îïðñòóôõö÷øùú ûüýþ ß  	
 fffi
flffi !"# $%&'() *+, -./012 3456789 :;< => ?@ABCDEFGH IJ KLMNO PQ RSTUVWXY
Z[\]^_`a bcdefghijkl mnopqrs
tu vwx yz{| }~   Ł     ¡¢ £¤ ¥¦§ ¨©ª«¬
­®¯°±²³´ µ¶·¸¹ º»¼½¾ ¿ÀÁÂÃÄ ÅÆ ÇÈÉÊËÌÍÎÏ ÐÑÒÓÔÕ Ö×ØÙÚÛÜÝ Þßàáâãäåæçè éêëìíî
ïðñò óô õö÷ø ùú ûüýþß fl  	ff
  fi ffi !"# $%& '()*+,-. /0
1234 56789 :;<=>?@ABCD EFGHIJKL MN OPQR ST UVWX YZ[\]^_` abcd
ef gh ij klmnopqrstu vw xyz {|}~  Ł
      ¡¢£¤¥¦ §¨©ª«¬ ­®¯°±² ³´µ ¶·¸¹º»¼ ½¾ ¿ÀÁÂÃÄÅ
ÆÇ ÈÉÊËÌÍÎ ÏÐÑÒÓÔÕÖ×ØÙ ÚÛÜ ÝÞ ßàáâãäåæç èéêë ìíîï ðñòóôõö÷ø ùúûüýþ ß
  !J# (
"	

 ;ff fiflffi $ K% ?&')*+ ,-./012345678 9:<=>@ABCDEFG HILMNO PQR STUVWXYZ[\]
^_`abcdefghijklm nopqrs tuvwxyz
{
|}~    Ł     ¡¢ £¤¥¦§¨©ª«¬­®¯ °±²³´µ¶ ·¸¹º»¼½¾
¿ÀÁÂÃÄÅ ÆÇÈÉÊË ÌÍÎÏÐÑÒ
ÓÔÕ Ö× ØÙÚÛÜÝÞßà áâ ãäåæçèéêëì íî ïðñòóô õö÷øùúûü ýþß  
 ff	 
fi flffi !" #$%&'()*+ 0,- ./123456789 :; <=
>?
@ABCDEFG HIJKLMNOP QR
STUVWXYZ [\]^_`abcd efghijklmn opq rstuvwxy
z{| }~   Ł      ¡¢£ ¤¥¦§¨©ª«¬ ­®¯ °±²³´µ ¶·¸¹º»¼
½¾¿ ÀÁÂÃÄÅÆÇÈÉÊ ËÌ ÍÎ
ÏÐ
ÑÒÓÔÕÖ×ØÙÚÛÜÝ Þßàáâãäå æç èéêëì íîïðñòóôõö÷ øùúû
üýþß  fi	 '  )-! %*
+
3# ffi ff 4 fl "$&(, ./ 01256789:;< =>?@ABC DEF GHIJKLMNO PQRSTU
VWXYZ[\] ^_`a bcdefghijklm no pqrstuvwxyz {|}~   Ł

   ¡¢£¤¥¦§ ¨©ª«¬­®¯°±²³´ µ¶·¸¹º »¼½ ¾¿ÀÁÂÃÄÅÆ ÇÈÉ ÊËÌÍÎÏ ÐÑÒÓ ÔÕÖ×Ø
ÙÚÛÜÝÞß
à
